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Adaptation of "EMIT" Technique for Serum Phenobarbital and Diphenylhydantoin Assays to the Miniature Centrifugal Analyzer
Sheldon D. Brunk, Themis P. Hadjiioannou,' Semi I. Had jiioannou, and Howard V. Malmstadt2
We used a miniature centrifugal analyzer in a spectraphotometric rate-measurement mode to determine the anticonvulsant drugs phenobarbital and diphenylhydantoin in serum, by use of a modified enzyme immunoassay ("EMIT" Syva Corp.) We decreased reagent cost per determination by at least sixfold by means of microscale techniques. Also, the analysis rate is increased by measuring multiple samples simultaneously.
Our method requires only 3 tl of serum for duplicate determinations. Replicate analyses of sera containing phenobarbital and diphenyihydantoin gave reaction rates with a CV of 1.5%. Run-to-run CV was 15%. Analytical recovery for drugsupplemented serum samples was 98%, and results for a series of samples compared well with results obtained by gaschromatography (for phenobarbital, r = 0.95; for diphenyihydantoin, r = 0.91). Here, we show that good quantitative results
can be obtained at lower cost, at a higher rate, and with a smaller sample than with the usual EMIT procedure.
Materials and Methods

Apparatus
Hardware. The instrumental system, based on the original ORNL design (9), but incorporating extensive modifications, is described elsewhere (10 
Diphenylhydantoin
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We modified the method described in the Syva package inserts. With the centrifugal analyzer disc, a single reagent must be used along with a single sample solution. Thus either reagent A or reagent B must be mixed with the sample before the analysis.
First, we mixed the sample with reagent A and loadedthese solutions into the sample wells on the disc. When we reversed the procedure by mixing the sample with reagent B, we observed no significant difference in the results. The procedure we used in this study was the reversed mixing sequence.
With the automatic pipette, aliquot 139 l of reagent B and deliver it with 1.09 ml of buffer into a disposable beaker. Allow this solution to stand for at least 1 mm before adding the serum. Meanwhile, deliver 139 l of reagent A and 1.11 mlof buffer into a second beaker. With a manual pipette, deliver 139 il of diluted reagent B into each of seven sample cups. Three cups are used for standards, four for samples. Then add 3 l of each serum standard or sample to its respective cup. After a 1-mm wait, load 50 il of each of the various serum solutions, in duplicate, into the sample wells on the disc. Then load 50 p1 of diluted reagent A into each reagent well. This procedure provides a sufficient amount of reagent to load one disc, with a minimum of waste. These diluted reagent solutions should be used within 30 mm. Place the loaded disc in Information available from the authors.
the centrifugal analyzer, set for a delay time of 15 s, measurement time of 80 s, and a wavelength of 340 nm. Table 1 shows the within-run precision (n 14) of the reaction rates for the normal reagent mixing sequence and for the reversed sequence. The CV for both mixing sequences was very similar. Day-to-day variation in results obtained from the reversed mixing sequence ( Analytical recovery for such standards is given in Table 3 . 
Results
Discussion
The recently introduced EMIT procedure for anticonvulsanta offers several advantages when compared to gas chromatography.
Sample size is substantially reduced, sample pretreatment is eliminated, and analysis time is greatly decreased.
However, the EMIT procedure is expensive when conventional instrumentation is used. The miniature centrifugal analyzer offers a solution to this problem. Reagent cost can be reduced by at least sixfold through use of smaller volumes in the analysis. Two determinations can be performed on only 3 pl of serum; the usual procedure requires 10 pl per determination.
Because the analysis and data reduction are done under computer control, calibration curves need not be plotted manually-an additional time saving. Although the CV for the reaction rates was small (1.5%), the CV for the drug concentrations was quite large (15%), a difference attributable to pipetting errors, the high blank reading, and the small slope of the log-log working curves. No significant difference in results was seen when the usual mixing sequence was compared to the reversed mixing sequence.
The correlation between results by EMIT and gas chromatography was satisfactory (r 0.95 for phenobarbital, 0.91 for diphenylhydantoin).
The accuracy ofthe method was indicated by the 98% of drug accounted for in supplemented serum samples.
A 3-pl sample volume was chosen so that prepared reagents could be efficiently used within 30 mm. Because 4 to 5 mm is required to load the disc after reagent dilution, an additional lag phase is introduced. 
